. The demo of the filtration device. Figure S2 . SEM image of carbon fiber after coating and reaction. Figure S3 . The hydrophilia comparison between three different materials. Figure S4 . The electrical impedances of CF and coated CF. Figure S5 . Flow test of Hg 2+ removal. Figure S6 . Capacity tests and optimization tests of PACCF Figure S7 . EDX images of the deposit on the boundary between polymer coated area and blank area. Figure S8 . Characterization of the deposit sediment. Figure S9 . The SEM images of the deposition after long-term treatment. Figure S10 . Removal and recovery of high concentration heavy metals step by step with AC-DC method. Note 1. Cost Analysis Table S1 . DFT calculation of binding energy on metals. Table S2 . Performance comparison of other methods before with ours Figure S1 . The demo of the filtration device setup and the detail. The kiethley instrument provide the voltage on the cell-filtration device. The peristaltic pump controls the contaminated water loading rate.
The way to get the activated materials mass loading is according to this formula:
is the weight of carbon felt. M 2 is the weight after coated slurry(Super P and PAN). M 3 is the weight after reaction. Than we can get the capacity of this polymer:
E=(C 0 -C x )×V/M C 0 is the concentration of the original contaminated water. C x is the concentration after deposition at that time. V means the current volume in the container. So that we can realize the filtration capability clearly from the curve in the Figure S2 . As we know, each metal ion has its own reduction potential in the same electrochemical working condition. These potential gaps can be used to separate the different metal. So this attempt had been applied in large concentration contaminated water (1000 ppm). In such high concentration, using alternating current instead of direct current can limit the hydrogen evolution and prevent all the ions deposit as hydroxide. Here square-wave alternating current had been applied in 100 Hz. Their reduction potentials are +0.34V (Cu 2+ /Cu), −0.13 V (Pb 2+ /Pb) and −0.40 V (Cd 2+ /Cd) versus SHE (pH=0), respectively. The pH of our simulated water was around 6, so that the reduction potential of hydrogen here was around −0.35 V according to the Nernst equation. Theoretically, the metal ions can be taken out one by one under step-up voltage. But in real experiment, the Cu and Pb were always taken out together. Then the strategy changed the Pb and Cu ions were extracted first as metal in a low voltage (+3.3 V), and switch to the high voltage (1.2 V) to oxidize the Pb (to form PbO 2 ) and solve the Cu. After 5 hours, over 99% Pb ions had been taken out alone. (−0 V, 4.2 V) voltage was applied to attract the Cu ions, after another 5 hours operation, over 99% Cu had been deposit and less than 1% Cd ions left in the mother solution. For the remaining Cd ions, 5 V of DC was applied to rapidly collect them in 2 hours. This direct separation and recovery of heavy metal ions has great value on resources recycling comparing with traditional treatments. Figure S10 . First, AC (1, +3.3V) applied, the Pb ions were removed by 99.99%. Then AC (0, +4.2V) applied, the Cu ions were removed by 99.99%. Last step, 5V of DC applied, the Cd ions were taken out nearly 99.99% (Origin mixture water contained 1000 ppm of Cu 2+ , Cd 2+ , Pb 2+ ions each, the frequency of AC was 100 Hz). In the flow device tests with a small piece of materials (1 cm 2 ×3.18 cm), the voltage used was 10 V. In one hour, it could deal with 300 ml contaminated water (0.3 kg). The current showed was 1~2 mA. So we can get the maximum and minimum cost according to the formula above. The price of electricity in different state can really change the cost a lot. But the base line of electric charge were extremely low. 
